Background: Understanding the epidemiological HIV context is critical in building effective setting-specific preventive strategies. We examined HIV prevalence patterns in selected communities of men and women aged 15-59 years in Zambia.
Background
HIV prevalence patterns and trends derived from available country data in sub-Saharan Africa, has been useful in improving the understanding of national estimates as well as proving strong basis for strengthening and or adjusting interventions [1] [2] [3] . The predominant epidemiological surveillance system for estimating HIV prevalence trends at country level in sub-Saharan Africa is antenatal clinic (ANC) based [4] [5] [6] [7] . Despite this widespread use of ANCbased trends, validity and accuracy concerns as well as changing HIV dynamics in general populations as the epidemic matures, continue to pause interpretation challenges when these estimates are extrapolated to the general population [6, [8] [9] [10] . However, population-based data on trends in HIV prevalence and related risk factors are still limited because only a few serial surveys have been conducted [2, [10] [11] [12] [13] . Furthermore, potential biases are also likely to hamper validity and reliability of population-based HIV surveys [14] .
Zambia has established a comprehensive system for following the dynamics of the HIV epidemic which includes ANC-based surveillance and population-based surveys measuring infection and risk concomitantly over time [5, 10, 15] . In addition, a nationally representative population-based HIV prevalence survey has been conducted [16] . Evidence from ANC-based data shows declining prevalence trend in young pregnant women, a pattern that is masking differential geographical trends overall [5, 17] . However, when population-based trends are compared with ANC-based estimates from the same community, declines are steeper in young people in the general population [10] . Furthermore, population-based data shows a significant shift towards reduced risk differentials amongst higher educated groups [5, 10, 11, 15, 18] . Therefore, there is need to understand and explain the existing HIV prevalence patterns in order to build an information base for prevention as well as monitoring and evaluation.
We investigated population-based HIV prevalence trends in the general population in Zambia from 1995 to 2003
Methods

Population and sampling procedures
The data is from three serial population-based HIV surveys conducted in 1995 (n = 3158), 1998 (n = 3757) and 2003 (n = 4775) in selected rural (Kapiri Mposhi) and urban (Chelstone, Lusaka) areas in Zambia using stratified random-cluster sampling method. The detailed methods of the surveys conducted in 1995-6 and 1998-9 have been reported elsewhere [10, 17] . The sampling frame consisted of 24 Standard Enumeration Areas (SEAs) with 2786 households in Chelstone and 26 SEAs (5225 households) in Kapiri Mposhi. The SEA defined the primary sampling unit (cluster) of the study. Using probability proportional to size, 10 SEAs in Chelstone and 5 SEAs in rural Kapiri Mposhi were initially (1995) selected for the baseline survey. The numbers of SEAs in rural Kapiri Mposhi were increased to 10 in 1999 and 2003. All household members aged 15-59 in the selected clusters were listed and invited to participate in the study.
Data Collection
In the sampled clusters (SEAs), a personal structured interview was carried out with all eligible and willing household members in order to collect information on sociodemographic and behavioural characteristics. Information on people who were not found in the subsequent survey was collected. At the end of the interview the participants were asked to provide a saliva sample for HIV testing.
Laboratory Investigation
A standard algorithm that uses two-test strategy was employed in all the survey rounds. In the 1995 survey, all saliva samples were tested using Gacelisa HIV 1 & 2 (Welcome Diagnostics, Dartford, Kent, U.K.) and in addition, 450 randomly selected samples were tested using Bionor HIV-1&2 (BIONOR AS) magnetic particle assay following modifications for saliva. The two test kits showed a 99.8% agreement. The accuracy of Gacelisa was validated based on paired saliva and serum samples collected from 494 antenatal clinic attendees, and both sensitivity and specificity were 100% [19] . In addition, all respondents who wanted to know their results had their serum tested also in addition to saliva in accordance with the requirement in this country. This was useful for both as a validation strategy as well as quality assurance strategy [11, 19] . In cases of discordance, the test result from serum was considered final. In the 1999 and 2003 follow-up surveys, samples were tested using Bionor HIV 1 & 2 and Gacelisa was only used in prescribed circumstances as a second test. In all the survey rounds, 10% of negative and 10% of positive samples were periodically sampled and re-tested for exactness with initial results and a different and senior person from a different section of the reference laboratory did this. Furthermore, in 2003, a second saliva test was done all the saliva specimens that tested positive but had no corresponding serum results, and were only considered positive if this second test was positive also. In case of discordance, a third test was done to decide the result. Once collected, these specimens were stored in a central place and then transported once a week for testing at a national reference laboratory (University Teaching Hospital, Lusaka). This laboratory which is run with the help of Japanese International Co-operation Agency (JICA), is the main laboratory for the country and maintains strict quality assurance schedule.
Analysis
Intercooled Stata version 8 (College Station, Texas, USA) was used and the cluster effect accounted for in the analyses. Prevalence was standardised for age using the national census (2000) in order to control for changes in the age structure between surveys. The Mantel-Haenszel chi square test with continuity correction was used to test for linear trends. Multiple logistic regression analyses were used to assess and estimate the sex and residence specific changes in odds of infection between 1995 to 2003 per strata using 1995 as the reference time. A mobility index (high or low) was constructed based on frequency of travel out of usual residence and duration a respondent lived at current residence. People who travelled out of station frequently and had lived at current residence for less than or equal to two years were labelled to have a higher mobility index. This group of people was used as a proxy group for the respondents who were absent during the surveys. Conversely, people who travelled out of their station rarely and lived in the current residence for ≥6 years were coded to have a lower mobility index. The distribution of age as a continuous variable conformed to normality as assessed by probability plots. Interactions were looked for using the likelihood ratio test and when identified, the terms were computed to allow estimation of the statistical effect of one of the variables separately for each level of the effect-modifying variable. Model diagnostics were done using the maximum likelihood estimation (MLE) and the Hosmer-Lemeshow goodness-of-fit. The variables in the model were age (for 15-24 years group) or age group (for 15-49 years category) with marital status, religion, employment status, travel history, length of time lived in current residence, migration origin (from town or village), and birth history for women, stratified by sex and residence. Although analyses were done in ages 15-59 years, the term "overall" was reserved for estimates in age group 15-49 years only.
Ethics
The survey protocol received clearance from the National AIDS Research Council and the University of Zambia Research Ethics Committee. In addition, participation in the population-based HIV survey was based on informed oral consent except in 2003 when written consent was obtained. Respondents were counselled and informed that the testing was purely for research purposes and was to be handled anonymously. However, respondents who were interested to know their status were offered voluntary counselling and testing (VCT) and a blood specimen was collected for serum-based HIV testing. Unlike in 1995 and 1999 surveys, when respondents were offered VCT either at the clinic and or at home respectively, in 2003 VCT was only provided at home in light of acceptability findings of an earlier study [20] .
Results
Participation and distribution
Details of participation in the 1995-6 and 1998-9 population-based surveys have already been published and overall refusal rates were less than 10% in both surveys [10, 17] . In 2003, 2705 rural residents (1301 men; 1404 females) and 4086 urban residents (1861 men; 2225 females) were listed. Non-participation was due to absence (19.7%), interview refusals (3.4%) or refusal to give a saliva sample for HIV testing (6.6%). Those absent (mostly either at school, in hospital or travelled out temporarily) were 25.5% (334) of the rural males, 11.8% (166) in rural females, 28.3% (527) among urban males and 14% (311) in urban females. Of the de facto eligible and successfully interviewed population of rural males, rural females, urban males and urban females, saliva refusal rates were 3.6%, 5.6%, 9.8% and 11.1% respectively. Only the respondents that had completed the interview, tested for HIV infection and aged 15-59 years (n = 4751, 56% urban and 44% rural) were included in the final analysis in 2003 (Table 1) .
Age-specific HIV infection trends
Overall, HIV prevalence declined during this period irrespective of sex or residence (table 2). In urban groups aged 15-49 years, prevalence declined by 41% (21.4%, 18.3% to 12.6%; P < 0.001) in males and by 27% (29.6%, 27.0% to 21.7%; P < 0.001) in females. In the rural area, the declines were not statistically significant neither in males (15.3%, 13.3% to 13.0%; P = 0.314) nor females (17.4%, 14.4% to 14.1%; P = 0.118). In young people aged 15-24 years, prevalence declined by 44% (5.7%, 7.5% to 3.2%; P = 0.143) among males and by 58% (16.1%, 10.3% to 6.8%; P < 0.001) in females in the rural area. Similarly, it declined by 54% (6.9%, 7.4% to 3.2%; P = 0.005) among urban males and by 44% (22.5%, 18.3% to 12.5%; P < 0.001) in urban females. The age-specific HIV infection patterns showed a diverse picture. In age 40-49 and 50-59 years, prevalence increased in rural men but was stable in urban males. In rural females, prevalence declined in age groups 15-19 and 20-24 years and stabilised in groups aged 25 and above. However, in urban females, prevalence declined in groups under 30 years and stabilised in the 30-39 years old groups. Figure 1 illustrates this differential age-specific HIV prevalence declines further and worthy noting is the parallel decreasing prevalence by sex in young people by 2003 (figure 1).
HIV infection trends by other socio-demographic characteristics
Level of education
In the urban group, aged 15-24 years with ≥10 school years, prevalence declined in both males (9.3%, 6.5% to 2.1%; P < 0.001; AOR 0.29 95%CI 0.14-0.60) and females (22.5%, 13.4% to 8.7%; P < 0.001; AOR 0.38 
Marital status
In age 15-24, although married men had higher likelihood of infection than single respondents in both rural (AOR 2.31 95% CI 1.16-4.59) and urban areas (AOR 2.82 95%CI 2.1-3.83) in 1995, prevalence declined significantly in both rural (12.5, 11.3 to 5%) and urban (22.2, 14.3 to 8.3%) areas although the distribution by marital status did not change over the survey periods. In married females, prevalence declined also in both the rural (20.5, 10.0 to 7.6%) and urban areas (38.9, 26.0 to 22.5%). Similarly, prevalence declined significantly in urban married respondents aged 15-49 years (men, P = 0.035; women, P = 0.002), see Table 4 .
Employment
Overall, men were more likely to be employed in both rural and urban areas. Although, employment was associated with increased likelihood of HIV infection in 2003 among rural males overall, AOR 1.67(95%CI 1.14-2.45), prevalence decline significantly irrespective of employment status in both sexes in the urban areas. In age 15-24 years, prevalence declined in all employment categories in both the rural and urban areas.
Mobility factors
In the age group 15-24 years, there were no significant differences in HIV prevalence patterns by mobility status. However, in age 15-49, the likelihood of infection among the more mobile groups tended to be higher than among the less mobile groups in men, AOR 1.45 (95%CI 0.98-2.18) in 1995, 1.75 (95%CI 1.17-2.6) in 1999 and 1.84 (95%CI 1.31-2.58) in 2003. Over the period, and among groups with higher mobility index, there was significant prevalence decline in the urban areas, but was non-significant in the rural area (men: 19.1%, 12.6% to 16.3%; P = 0.255; women: 20.0%, 15.9% to 16.4%, P = 0.289), see table 5. In respondents with ≥11 school years, the likelihood of infection was higher among mobile men in the urban area groups in 1995 (AOR 1.29 95%CI 0.53-3.16), 1999 (AOR 2.38 95%CI 1.1-5.27) and in 2003 (AOR 3.54 95%CI 1.41-8.86) than less mobile respondents. However, there were parallel prevalence declines in both the mobile (34%, 26.5% 14.5%, P < 0.001) and the less mobile group.
Fertility
The likelihood of infection in females aged 15-24 years who had given birth ever was higher than those who had never given birth in both rural (AOR 1.44 95%CI 0.56-3.7) and urban areas (OR 2.61 95%CI 1.71-3.99) in 1995. However, prevalence declined in both the group ever given birth (rural, P = 0.005; urban, P = 0.002) and the rural respondents who had never given birth (P = 0.001). Table 6 illustrates some of the corroborative sexual behaviour parallel changes observed in higher educated urban 
Parallel behaviour changes in higher educated young people
Discussion
A steep HIV prevalence decline was observed in young men and women aged 15-24 years in the studied populations. Prevalence declined also in urban men and women aged 25-29 years, whereas it was mostly stable in older age groups. In age group 15-49 years, a marked prevalence decline appeared in urban men and women, but the rural decline was modest and not significant. HIV-related mortality is likely to have contributed substantially to the overall decline. A 3-years cohort study based on the 1995 survey found HIV-related mortality to be generally low among young people, except in urban young women where HIV was found to have already affected mortality substantially (unpublished). In the absence of incidence data which was not possible to collect in this study due to ethical limitations, the observed prevalence declines in young people can be a proxy of change in incidence, and selective mortality seemed only to represent a small proportion of the steep decline in young urban women [21] . Similar patterns of declines have been reported in the Age-specific HIV prevalence in rural and urban areas, illustrating cross-generational differences by sex: 1995 and 2003
Figure 1
Age-specific HIV prevalence in rural and urban areas, illustrating cross-generational differences by sex: 1995 and 2003. This figure further illustrates the HIV prevalence declines by sex. Key to this are the increased age cross-over points, that's is, the point at which the HIV prevalence in young women which is usually higher than young men, is over taken by the prevalence in young men. Consequently we see a picture where after age 30s, HIV prevalence in men is higher than in women. Sexual relationships between these infected men and younger women under age 25 are probably the main force driving the HIV epidemic in sub-Saharan Africa. Notes: 1. § MH denotes Mantel-Haenszel chi square for linear trend, (1 degree of freedom) with continuity correction and statistically significant trends are highlighted in bold b) *signifies P < 0.001 2.
Variables included in the model per strata were age, marital status, employment, religion, travel patterns, duration lived in current residence, migration origin in last five years and ever given birth for females 3. ‡ The effect of education was significantly different between age groups (interaction P = 0.021 in 1995, P < 0.001 in 1999&2003), hence the "age*education" interaction term included in the models. Variables included in the model per strata were age group, marital status, employment, religion, travel patterns, duration lived in current residence, migration origin in last five years and ever given birth for females 3. ‡ The effect of education was significantly different between age groups (interaction P = 0.021 in 1995, P < 0.001 in 1999&2003), hence the "age*education" interaction term included in the models. region recently [1, 2, 5, 13, 22] . Furthermore, the declines were strongest in groups with secondary school education or more and were associated with sexual behavioural change.
It is possible that differential infection patterns among non-participants over time could have biased our estimates, but the magnitude and direction of this effect can only to some extent be assessed [2] . The non-participation due to refusal to provide saliva remained low in all survey rounds, and significantly below refusal levels as experienced in the Demography and Health Survey in Zambia 2001/2002 when using blood as the basis for HIV testing [16] . Absence was the most significant cause of non-participation, particularly in men. We think that the group of participants reporting to be highly mobile could be used as sentinel of HIV infection for men who were absent. Mobility and migration have been suggested to be factors fueling HIV transmission, but there are relatively few studies documenting it [23, 24] . Mobile groups in this study had significantly higher likelihood of infection in men overall, but the risk difference was marginal in young men. However, we observed that even in these mobile groups there were significant prevalence declines in urban men and less prominent in the rural men. In younger people, we are persuaded to believe that if this bias was present, its effect was very minimal because the difference in odds of infection by mobility was non-significant and the major reason for absence was being away at school. Rather, it is likely that the prevalence among young people could even have been over-estimated due to the fact that those not found because of school attendance are less likely to be infected [25] . Notwithstanding the presence of selection biases due to non-response, they are unlikely to be an important factor explaining the sharp HIV prevalence declines among young people. We also note that where significant trends have been observed, all of the trends have been declining, irrespective of the factor being considered. This implies that there is no evidence of any interaction among the factors considered in this study.
External validity is a critical challenge when data from selected communities are extrapolated to the whole population. We found evidence supporting the interpretation that the HIV declines observed in these selected communities approximate well with those of the general population. Firstly, the prevalence levels of selected urban and rural communities matched with respective national estimates, and this was one of the criteria for selecting them [17] . Secondly, national ANC-based estimates show declines among young women [5] . Thirdly, we have previously reported that ANC-based trends under-estimate declines in the general population [10] . The main explanation for this reduced representativeness of ANC-based data was substantial delayed age at first birth among women in the general population.
HIV prevalence is a reflection of accumulations of infections over time, but during this same period, the population might change considerably [2] . Trend therefore reflects a time averaged dynamic balance between incidence, migration and mortality. The observed decline in prevalence could have been influenced by any or a combination of these factors. However, we realise that the changes were marked in young people where mortality is low and where there was no difference in odds of infection observed between in and out-migrants as observed elsewhere in the region [23] . Furthermore, the decline observed in higher educated young people who have adopted safer sexual practices is plausible because they have grown up during a time when prevention messages on HIV transmission were readily available, and this influenced their sexual behaviour [11] . In addition, we observe that if this trend continues, it has great potential to dictate further declines among educated people. HIV-related mortality's contribution to overall prevalence declines might reflect the impact of differential HIV-related mortality by age groups [2, 26] . Long survival was unlikely to have any impact because access to anti-retroviral therapy was limited in this population before 2004.
Men acquired infections later than females and reached peak levels after age 30 years, and even among men aged 50-59 years prevalence levels remained very high. In this region, a gender-generational-power imbalance exists between casual and regular sexual partners. Men are usually older than their female partners and this age difference has been found to be "the major behavioural determinant of the more rapid rise in HIV prevalence in young women than in men" [27] . Most of the infections in young women are from older men in whom there has been a power change through age rise related affluence [27, 28] . In order to control the HIV epidemic, breaking this cycle should be the cardinal aim of prevention programmes.
There are still limited data from sub-Saharan Africa linking HIV prevalence to parallel changes in risk behaviours [29] . We collected behavioural data and HIV status concomitantly and work on detailed parallel sexual behaviour patterns and HIV trends are the focus of a separate paper (awaiting publication). We found reductions in high risk behaviours among young people and that these were particularly in higher educated and urban groups. These findings confirm the assumption that effects of educational attainment on risk of HIV infection is likely to be exerted through mediator factors such as more consistent condom use, lower likelihood of sexually transmitted infections and less number of sexual partners [11, 25, 30] .
Conclusion
We conclude that the observed changes among young people suggest that HIV prevalence is really declining in these communities. This is unlikely to be due to either measurement bias or the natural course of the HIV epidemic given low mortality rates in this group, rather might be linked with prevention efforts [7] . The prevention programmes initiated in Zambia, mainly since the early 1990s, were complex and used multiple approaches largely focussing on behaviour change, but were limited in parallel poverty reduction strategies. In these communities where HIV transmission is largely heterosexual, a logical explanation that we derive from the proximatedeterminant concept is that fear of HIV-related mortality combined with responses to prevention programmes may have influenced changes in behaviour thereby resulting in declines in HIV prevalence [30] . Key to this framework is the specification of a set of variables designated as "proximate determinants" (in this study it is condom use and number of partners) through which underlying factors operate to influence HIV prevalence. This interpretation is further supported by the fact that, over this period, transmission of HIV infection declined dramatically among higher educated people leading to a shift in the burden of infection from higher to lower educated groups. The changes observed among higher educated young people suggest that the availability of HIV preventive information was useful in forming their sexual behaviour, as they became sexually active after this critical information became well known [11] . An optimistic scenario is that these changes in higher educated groups will diffuse into those with lower education with time [31] . However, there is a negative association between educational attainment and poverty, manifested in this study by unchanging risk in lower educated and predominantly rural groups [32] . The link between HIV transmission and poverty might make such diffusion difficult. This suggests that prevention messages, though given, remain "irrelevant and inoperable" to many population groups whose poor economic and social conditions create an environment that might promote risky behaviours. Poverty reduction programmes, including strategies to increase educational attainment, are therefore to be seen as necessary components of effective HIV prevention efforts [32] [33] [34] . Furthermore, the observed prevalence decline is a sign that prevention works, and it should continue to be given "highest priority" among all other strategies including treatment efforts.
